H a r ish -chandra was one of the o u tsta n d in g m ath e m a tic ia n s of his g e n e ra tio n , an alg eb raist and an alyst, and one of those resp o n sib le for tra n s fo rm in g in fin ite -d im e n sio n al g ro u p re p re se n ta tio n th eo ry fro m a m o d est to p ic on th e p e rip h e ry of m ath e m a tic s and physics in to a m ajor field c e n tral to c o n te m p o ra ry m ath e m a tic s. K a npu r and A llahabad H e was b o rn on 11 O c to b e r 1923 in K a n p u r in N o rth In d ia. H is p a te rn a l g ra n d fa th e r h ad been a senior railro ad clerk in A jm er w ho, to finance his s o n 's e d u catio n , h ad resigned his post to collect th e lu m p sum given as severance pay, and th e n rejo in ed the railro ad , his sen io rity lost, in a ju n io r po sitio n . H is son, C h a n d ra k ish o re, later th e fath e r of H a rish -C h a n d ra , had gained ad m issio n to th e h ig h ly selective T h o m a so n E n g in e erin g C ollege at R oorkee, w hich h ad been fo u n d ed by D alh o u sie in 1857, and w hich was resp o n sib le for th e tra in in g o f civil en g in eers for th e d e p a rtm e n t of p u b lic w orks. E very g rad u a te was assu red a p o sitio n in th e g o v e rn m e n t services and ad m ission was m u ch coveted.
H a ris h -C h a n d ra 's fath er, a civil en gineer, eventually rose q u ite high, reach in g th e m id d le echelons of th e In d ia n Service of E n g in eers, and re tirin g as E xecutive E n g in e er of th e U tta r P ra d esh Irrig a tio n W orks; b u t his early career w ould have b een sp e n t in the field, usually on horseback, in sp e c tin g and m ain ta in in g the dikes of th e extensive n etw ork of canals in th e n o rth e rn plains. R oorkee C ollege and th e effort of co m p etin g w ith the B ritish on still u n fam iliar technical g ro u n d seem to have p ro d u ce d a b reed of se rio u s-m in d e d , co n scientious m en, devoted to th e ir w ork and som ew hat d ista n t from th e ir fam ilies. N o n e the less, C h a n d ra k ish o re 's fam ily did share the life of the canal posts, and H a rish -C h a n d ra , alth o u g h n o t a ro b u st child, often accom panied his fath e r on his ro u n d s, b u t it was no t un til later, w hen he was a y oung m an and his fath e r retired , th a t they becam e close.
In 1937, ju s t th re e years before the fa th e r 's re tire m e n t, th e w hole fam ily was able for th e first tim e to take an e x te n d e d vacation. T h e y travelled to K a sh m ir, th e ir baggage c a rrie d by sev en teen p o rte rs. H a rish -C h a n d ra , w ho rem a in e d a keen w alker th ro u g h o u t his life, alw ays recalled w ith p leasu re th e hikes in the hills w ith his fath er. L a te r on, a fter H a rish -C h a n d ra 's m oves to B angalore and C a m b rid g e , th ey c o rre sp o n d e d reg u larly , and his resp ect for th e h ig h -m in d e d , religious C h a n d ra k ish o re was to be an a b id in g influence on H a ris h -C h a n d ra .
H is life as a ch ild was d iv id ed b etw een th e canal p o sts and th e h om e of his m ate rn a l g ra n d fa th e r in K a n p u r. H is m o th e r, S atyagati S eth or, after h e r m arriag e, C h a n d ra ra n i, was th e d a u g h te r of a law yer, R am S anehi S eth. B oth he and his wife w ere d esce n d a n ts of old zam indari fam ilies, feudal lan d o w n ers, in w h at is now U tta r P ra d esh . O ne b ra n c h of the S eths ap p ears in the 18th c e n tu ry as th e p ro p rie to rs of an im p o rta n t b an k in g house w ho cam e to g rie f in the stru g g le b etw een the E ast In d ia C o m p an y and th e N ew ab of B engal. A m o re recen t in cid e n t, still re c o u n te d in the fam ily, is th a t it was able to offer refuge to th e hig hsp irite d b u t ill-fated R ani of Jh a n si d u rin g the M u tin y of 1857, in w hich she was a cen tral figure. As a to k en of g ra titu d e she left b e h in d a sw ord. Since the fam ily is of the R a jp u t o r K h a tri caste, the m en still have occasion to don it at th e ir w ed d in g celeb ratio n s. H a ris h -C h a n d ra m ig h t have w o rn it as well if he h ad n o t, to the scandal of his fam ily, in sisted on a civil cerem ony.
A lth o u g h related to a p ro m in e n t fam ily R am S anehi S eth achieved his su b sta n tia l social p o sition th ro u g h his ow n efforts, for his im m ed iate fam ily was of m o d est m eans, and his large house, in w hich H a rish -C h a n d ra was to pass m u ch of his adolescence, was hom e to in n u m e rab le relatives. P recocious in his stu d ies and often ill, H a ris h -C h a n d ra did n o t find th e tu rb u le n t a tm o sp h e re congenial, and one su sp ects th a t b o th hom e and school, w here he was teased by older, ro u g h er classm ates, exacerb ated an in n ate tim id ity .
H ow ever, in his g ra n d fa th e r's hom e, as in m an y N o rth In d ia n h o u seh o ld s, m usic was c u ltiv ated , and H a ris h -C h a n d ra took from it a love of m usic w hich he n ever lost, n o t only for the ragas of his h o m elan d , b u t also in later life for com posers of th e W est, above all B eethoven.
C h a n d ra ra n i appears to have in h erite d th e energy and a m b itio n o f h er fath e r and to have passed it on to h e r c h ild ren , all of w hom had d istin g u ish e d careers. S atish, o ld er th an H a rish by seven years, e n te red in 1939 the In d ia n Civil Service, the elite ad m in istra tiv e corps of Im p erial India, and becam e u ltim a tely , after In d ep e n d e n c e, C h ief S ecretary of U tta r P ra d esh and th e n S ecretary to th e G o v e rn m e n t of In d ia in the M in istry of D efence and S u p p lies d u rin g the In d o -P a k ista n i W ar. S u resh , yo u n g er th a n H a rish by seven years, was an en g in eer w ith the In d ia n Railw ays, and th en jo in e d the S tate C o rp o ra tio n of In d ia. H e is now executive d ire c to r of a priv ate co rp o ra tio n . T h e sole d a u g h te r, V im ala, m a rrie d Jag d ish B ehari T a n d o n w ho, h av in g served w ith th e In d ia n A gency in B u rm a, w h ere he w as m ade a p riso n e r-o f-w a r, jo in e d th e In d ia n A d m in istra tiv e S ervice, th e successor to th e In d ia n Civil S ervice, re tirin g as a m e m b e r o f th e B oard of R evenues of the U tta r P ra d e sh G o v e rn m e n t. T h e h u s b a n d of a co u sin was an ad m iral in the In d ia n N avy.
C o n sid e ra b le a tte n tio n was given to th e early e d u c a tio n of H a rish -C h a n d ra . A tu to r w as h ire d , a n d th e re w ere visits fro m a d an cin g m aste r and a m u sic m aste r. A t th e age of n in e he was en ro lled , y o u n g e r th an his sch o o lm ates, in th e se v en th class. H e c o m p le te d C h rist C h u rc h H ig h S chool at fo u rte e n , and rem a in e d in K a n p u r for in te rm e d ia te college, w h ich he finished at sixteen, and th e n m a tric u la te d at the U n iv e rsity of A llah a b a d , w h ere he o b ta in e d th e B .S c. in 1941 and th e M .S c . in 1943 at th e age of tw e n ty .
H ig h -s tru n g and fre q u e n tly ill, H a ris h -C h a n d ra was especially v u l n e ra b le at the tim e of e x a m in atio n s, all o f w h ich he seem ed to take w hile su ffering fro m som e m alady, serious o r com ic, fro m p a ra ty p h o id to m easles. T h is did n o t p re v e n t him fro m p e rfo rm in g b rillia n tly . F o r th e M .S c ., w hen he was e x am in ed by th e ph y sicist C. V. R am an, F .R .S ., he w as th e first in th e state of U tta r P ra d esh , receiving 100% on th e w ritte n test.
H e h ad learn ed som e m ath e m a tic s, as far as th e calculus, and som e science fro m his fa th e r's textb o o k s b u t his in tro d u c tio n to m o d ern science cam e at the u n iv ersity . H e d e scrib ed m an y years later how D ira c 's Principles of quantum m e c h a n i c s , w h ich he h ad discovered u n iv ersity lib ra ry in 1940, evoked in him the desire to devote his life to th eo re tic al physics. T w o years later K . S. K rish n a n , F .R .S ., an excellent p h y sicist and a w idely cu ltiv a te d m an, was a p p o in te d P ro fesso r of P hysics in A llahabad. H e e n co u rag ed H a ris h -C h a n d ra in every possible w ay, len d in g him books like H e rm a n n W e y l's R aum -Z eit-M aterie and rec o m m e n d in g h im as a research s tu d e n t in physics to H . J. B habha, F .R .S ., at the In d ia n In stitu te of Science in B angalore. T h e m ildm an n e re d , gentle K rish n a n in sp ired in H a ris h -C h a n d ra no t only respect b u t also an affection th a t never abated. F o r the b o istero u s, egoistical R am an and his achievem ents he had also, in spite of th e difference in th eir te m p e ra m e n ts, a h igh regard, b u t his ow n ascetic n a tu re did n o t allow him to perceive th e v irtu es accom panying the h ig h -liv in g B h a b h a 's extravagance.
Bangalore and C ambridge T h e S o u th In d ia n e n v iro n m en t w ould have been foreign to H a rish -C h a n d ra , b u t he sp e n t the first six m o n th s lodging w ith old frien d s from A llahabad, M rs H . K ale, w ho had been his F re n ch teach er at the u n iv ersity , and h e r h u sb a n d D r G . T . K ale, a b o tan ist w ho had m oved to B angalore to take up d u ties as lib rarian at the In stitu te .
T h e eager, serious s tu d e n t w as an in v itin g ta rg e t fo r th e p ra n k s of th e ir y o u n g d a u g h te r, L a lith a , b u t th e in te rru p tio n s c o u ld n o t have been e n tirely u n w elcom e, for m an y years later, w h en he re tu rn e d to In d ia on a visit, she, now a strik in g ly b e a u tifu l y o u n g w o m an , b ecam e his w ife. T h e re w ere o th e r in te rru p tio n s . R am an , already fifty-five, h ad tak en a liking to H a ris h -C h a n d ra an d w o u ld d ro p by u n e x p e c te d ly to in v ite him for a w alk. H a ris h -C h a n d ra w o u ld also w alk alone, so m etim es w ith his sk etch b o o k in h a n d , fo r at th a t tim e he liked to d raw a n d to p a in t. H e was an ex cellent copyist. H e late r gave u p p a in tin g co m p letely , a lth o u g h in 1951 w h e n visa difficulties p re v e n te d him fro m tra v e llin g he, in his ow n w o rd s, m ad e a v irtu e of necessity a n d e n ro lled in a p a in tin g co u rse in th e S u m m e r School at C o lu m b ia U n iv e rsity . A few sketches, m ad e on vacation, rem a in in th e fam ily, as well as a copy of R u b e n s 's Le Chapeau de Paille fro m th e tim e in A llah ab ad , tre a s u re d by his m o th e r-in -la w , M rs K ale. H e copied it for h e r as an e ig h te e n -y e a r-o ld in a g e stu re of affection and g ra titu d e to a fav o u rite tea c h e r fro m a collection of re p ro d u c tio n s of p a in tin g s fro m th e N a tio n a l G a lle ry w ith w h ich his fa th e r h ad p re se n te d h im , ch o osing it as m u ch for its F re n c h title as for any a rtistic reason.
S h o rtly befo re leaving C o lu m b ia , in an in te rv ie w w ith th e a lu m n i m agazine he trie d to ex p ress his m ath e m a tic a l aesth etics in a m e ta p h o r fro m p a in tin g , sta tin g th a t 'In m ath e m a tic s th e re is an e m p ty canvas before you w h ich can be filled w ith o u t reference to ex te rn al re a lity .' In th e final p h ra se he is th in k in g p e rh a p s m o re of m ath e m a tic s th a n of p a in tin g for he adds, 'T h e only value of m ath e m a tic s lies in its in te rn al s tr u c tu r e .' T h is is an e x trem e view , b u t it has real v alid ity if taken to refer to his ow n style and to ex p ress his satisfaction at h aving fo u n d in m ath e m a tic s a su b ject b e tte r su ite d to his ow n in clin a tio n s th a n the physics he h ad a b a n d o n e d because 'it is basically an em p irical sc ie n c e. ' In p a in tin g , as in o th e r th in g s, he a d m ire d excellence. H e was especially fond of th e Im p re ssio n ists and in his last year, often too ill to w ork, he sp e n t m an y h o u rs w ith re p ro d u c tio n s of th e p a in tin g s of C ezanne and van G o g h , reflecting on th e ir lives, and p e rh a p s seeing in th e ir in te n sity and stru g g les a sim ilarity to him self. G a n d h i's Q uit India m o v em e n t h ad b een b ro k en in 1942, and from th en u n til th e en d of th e w ar th e in d ep e n d e n c e m o v em e n t was d o rm a n t. So H a ris h -C h a n d ra 's tim e in B angalore was u n tro u b le d by politics. In d ee d , alth o u g h his p a re n ts h ad b een su p p o rte rs of G a n d h i, his fath e r a d o p tin g the w earing of k hadi, H a rish was n ev er m o re th a n superficially to u ch e d by politics. H e had stro n g view s, w h ich he w ould som etim es v eh em en tly defen d , b u t he was n o t d istra c te d by th em , and was im p a tie n t w ith th e hy p o crisy and se n tim e n tality , p e rh a p s sim ply w ith th e w elter of em o tio n s, th a t politics by th e ir very n a tu re entail. H a ris h -C h a n d ra 's career as a p h y sicist was to be b rie f-tw o years in B angalore w ith B habha and tw o years in C a m b rid g e w ith P. A. M . D irac, F .R .S . H e h im se lf does n o t a p p e ar to have atta ch e d m u ch im p o rta n c e to th e w ork d o n e th e n , b u t it is of b io g ra p h ica l in te re st and does occupy c o n sid e ra b le space in his Collected works.
In B angalore th e re w ere tw o th em e s, b o th reflecting co n cern s of B h a b h a an d in d ire c tly D irac. T h e first, on w h ich he w ro te som e p a p e rs alone a n d som e w ith B h ab h a, w as classical p o in t-p a rtic le s , th e ir e q u a tio n s o f m o tio n , an d th e fields associated w ith th em . Its o rig in s lie in a 1938 p a p e r by D irac in w h ich he d e riv e d e q u a tio n s of m o tio n for a classical c h a rg e d p o in t-p a rtic le m o v in g in an ex tern al field by e x am in in g th e c o m b in e d effects of th e e x te rn al field and the field of th e p a rticle itself on a sm all tu b e s u rro u n d in g th e w o rld -lin e o f th e p article. H e lets the d ia m e te r of th e tu b e go to zero, keep in g only the finite p a rt o f th e energy a n d m o m e n tu m c o m m u n ic a te d to the tu b e , and o b tain s e q u a tio n s ag reein g w ith th o se of th e L o re n tz th eo ry . S im ilar ideas can be ap p lied to o th e r p o in t-p a rtic le s and th e associated fields, a n d B h ab h a and H a rish -C h a n d ra dev elo p ed th e m extensively, especially for n e u tro n s and th e ir classical m eso n fields. T h is w ork fo u n d no echo in th e litera tu re .
T h e seco n d th em e , relativ istic w ave e q u a tio n s, especially for particles of h ig h e r sp in , to u ch e s issues th a t, a lth o u g h som ew hat p e rip h e ra l, rem a in e d o f c o n c ern to m ath e m a tic a l ph y sicists and are still not co m p letely resolved. It deals w ith p ro b le m s th a t in th e 1940s w ere largely algebraic and som e of the p ap ers, like those on the D irac m atrices and th o se on th e D u ffin -K e m m e r m atrices, are p u rely so. T h e innate algebraic facility d isplayed in th em , and in th e early P rin c e to n pap ers, was tra n sfo rm e d by ex perience and effort in to the p ow erful technical skill of th e p a p e rs on rep re se n ta tio n th eo ry . As it gained in s tre n g th it lost in ease b u t n ev er in reso u rcefu ln ess. S erio u s p ro b le m s arise w hen a tte m p tin g to c o n stru c t a th eo ry of e le m en ta ry p articles w ith h ig h er spin. T h e in consistencies th a t arise in a tte m p ts to in clu d e th e affect of an external field a p p ear to be the m o st vexing. H a ris h -C h a n d ra alludes to th is p ro b le m and even suggests, in an a p p ro p ria te ly ten ta tiv e in tro d u c tio n to one o f his th re e pap ers on the topics, th a t his efforts m ig h t lead to its so lu tio n , b u t sets h im self a m ore m o d est goal.
A p p a re n tly th ere are several desirable features for a relativistic wave eq u a tio n in a d d itio n to L o re n tz invariance: (i) u n iq u e rest m ass; (ii) u n iq u e spin; (iii) positiv ity of total energy or total charge. All these re q u ire m e n ts w ere m et by th e D irac -F ierz-Pauli th eo ry b u t at the cost of a sim ple L ag ran g ian fo rm u latio n . H a ris h -C h a n d ra a tte m p te d to preserve the sim ple L ag ran g ian , the u n iq u e rest m ass th a t he took to be greater th a n zero, and the positivity, w ith o u t w hich th ere is no q u a n tiz atio n , b u t to ab a n d o n the u n iq u e spin. H e was th en able, am ong o th e r things, to c o n stru c t a form alism for elem en tary particles w ith spin th a t could take on b o th values, \ and j. H ow ever, I u n d e rsta n d th a t now adays, w hen th ere is a great variety of p articles w ith h ig h er spin w hose existence has been ex p erim en tally discovered, the p ro b lem s ap p ear in a m u ch different lig h t th an th ey did forty years ago. E ith e r th ey are dealt w ith in the c o n te x t of s u p e rsy m m e try , w h ere th e in co n sisten cies can by a felicitous choice of co u p lin g c o n sta n ts be m ade to d isa p p e a r, or the p a rticle s are tre a te d as co m p o sites or resonances.
T h e earliest p ap ers on p o in t-p a rtic le s h ad b een c o m m u n ic a te d by B h ab h a to the Proceedings of the R oyal Society and h ad gained for H a rish -C h a n d ra n o t only th e h y p h e n in his nam e, w h ich was first placed th e re by a copy e d ito r and w hich he d ecid ed to reta in , b u t also the a tte n tio n of D irac, w ho had been re q u e ste d by B h ab h a as a special favour, th e w a rtim e m ail b etw een In d ia and E n g la n d b ein g ex trem ely slow , to c o rre c t proofs.
O n th e basis o f th is w ork and p e rh a p s rec o m m e n d a tio n s fro m B h ab h a as w ell, H a ris h -C h a n d ra had b een accepted by D irac as a research stu d e n t. N o t long afte r the w ar in E u ro p e h ad e n d e d he set sail for E n g la n d , and was on b o a rd ship w h en the atom ic b o m b fell on H iro sh im a on 6 A u g u st 1945. C a m b rid g e h ad still n o t re tu rn e d to n o rm al and was alm ost d e serted w hen he a rriv ed to take up residence in G o n v ille and C aius C ollege.
In C a m b rid g e his p ersonal co n tacts w ith D irac w ere in fre q u e n t. H e a tte n d e d his lectu res at first b u t d ro p p e d o u t w hen he d iscovered th a t they w ere alm ost th e sam e as th e book. H ow ever, he did a tte n d the w eekly c o llo q u iu m ru n by D irac. H e fo u n d th a t 'he was very gentle and kind and yet ra th e r aloof and d is ta n t' and felt th a t 'I sh o u ld n o t b o th e r h im too m u ch and w ent to see h im a b o u t once each te r m '.
T h e w ork on e q u atio n s of particles w ith h ig h er sp in belongs on the w hole to the C a m b rid g e p erio d , b u t his th esis p ro p e r was on a different, alth o u g h closely related , topic: the classification of irre d u cib le re p re s e n tatio n s o f the L o re n tz g ro u p . It was p ro p o sed by D irac and, as H a rish -C h a n d ra later rem ark ed , was how he got sta rte d in g ro u p rep re sen ta tio n s. T h e y w ere to be his life.
O ne of th e first p a p e rs on in fin ite -d im e n sio n al irre d u cib le re p re s e n tatio n s had b een w ritte n by D irac h im se lf in 1944. H e in tro d u c e d it w ith th e rem arks:
'T h e L o re n tz g ro u p is th e g ro u p of linear tra n sfo rm a tio n s of four real variables £0, £ i, £3 such th a t --£3 is in v arian t. T h e finite rep re sen ta tio n s of the g ro u p . . . are all well know n and are dealt w ith by the usual ten so r analysis and its ex ten sio n sp in o r analysis. N o n e of th em is u n itary . T h e g ro u p has also som e infinite re p re se n tatio n s w hich are un itary . T h e se do no t seem to have been stu d ie d m u ch , in spite of th e ir possible im p o rtan ce for physical a p p lic a tio n s.'
T h is is as close as one com es to the source of the th eo ry of in fin ite d im en sio n al rep re sen ta tio n s of sem isim ple and red u ctiv e g ro u p s, w hich as it tu rn e d o u t w ere to be of lim ited physical significance b u t of great m a th e m a tic a l im p o rt. S oon a fter D ir a c 's in itial article th re e p a p e rs w ere w ritte n classifying th e irre d u c ib le re p re se n ta tio n s o f th e h o m o g en eo u s L o re n tz g ro u p , one by H a ris h -C h a n d ra , w ho solved th e p ro b le m posed by D ira c , a n o th e r by B a rg m a n n in th e U .S .A . and a th ird by G e lfa n d -N a im a rk in th e S oviet U n io n . T h e p a p e r by B a rg m a n n was th e m ost in flu en tial of th e th re e . H e c o n sid e red n o t only th e u sual L o re n tz g ro u p defined by fo u r-d im e n sio n a l sp a c e -tim e b u t also th e analogous g ro u p defined by tw o space d im e n sio n s and one tim e d im e n sio n w hose r e p re se n ta tio n s have, su rp risin g ly , a m o re com plex s tru c tu re , c o n ta in in g the d isc re te series of sq u a re -in te g ra b le re p re se n ta tio n s, w h ich w ould beco m e, a fter H a ris h -C h a n d ra h ad d e m o n stra te d th e ir im p o rta n c e in g en eral, th e ro g u e 's y a rn ru n n in g th ro u g h th e su b ject.
H a r is h -C h a n d r a 's ow n p a p e r suffered fro m a lack of th e rig o u r a p p ro p ria te to th e tre a tm e n t of a to p ic in p u re m ath e m a tic s. H e later c o m m e n te d th at, 'S oon afte r co m in g to P rin c e to n I becam e aw are th a t m y w ork on the L o re n tz g ro u p was based on so m ew h at shaky arg u m e n ts. I had naively m a n ip u la te d u n b o u n d e d o p e ra to rs w ith o u t p aying any a tte n tio n to th e ir d o m ain s of definition. I once co m p lain ed to D irac a b o u t th e fact th a t m y pro o fs w ere n o t rig o ro u s and he rep lied , " I am no t in te rested in p ro o fs b u t only in w h at n a tu re d o e s." T h is rem ark co nfirm ed m y grow in g co n v ictio n th a t I did n o t have the m y ste rio u s sixth sense w h ich one needs in o rd e r to succeed in physics and I soon decided to m ove over to m a th e m a tic s .'
In fact, it seem s th a t he had b een p re p a rin g for the m ove for som e tim e. In C a m b rid g e he a tte n d e d th e lectu res of J. E. L ittle w o o d and P h ilip H all, disco v erin g m ath e m a tic s as he began to d o u b t his vocation as a p h y sicist. In P rin c e to n he w ould w rite one m o re p a p e r on physics and th en , for all professional p u rp o se s, ab a n d o n th e su b ject entirely. H a rish -C h a n d ra 's n a tu re was u n re le n tin g ly in tense, and d e m a n d e d a sh arp focus. H is daily and yearly ro u tin e s grew sim p ler w ith the years, and his te m p e ra m e n t becam e m ore ascetic and m ore im p a tie n t w ith richness of detail or com plexity of character. T h e best aro u sed ad m iratio n and respect; to th e rest he was alm ost ru th lessly in different. F ro m him self, too, he d e m a n d e d the b est and had, I w ould guess from a distance, as a y oung m an co n sid erab le confidence in his ability to achieve it. B ut he w ould n o t dabble.
So once he recognized th a t his talen ts lay elsew here his active in te rest in physics ceased. H ow ever, the respect he co n tin u e d to have for the su b ject and those w hom he reg ard ed as its g reatest p rac titio n e rs, above all D irac, was e n o rm o u s, a m o u n tin g alm ost to a religious awe. H e never accorded so m u ch even to those m ath em atician s he m ost ad m ired and was m ost eager to em ulate, certainly n o t to h im self or his ow n w ork.
A lth o u g h he w as co n v in ced th a t th e m a th e m a tic ia n 's very m o d e of th o u g h t p re v e n te d h im fro m c o m p re h e n d in g th e essence of th eo re tic al p hysics, w h ere, he felt, d eep in tu itio n a n d n o t logic p rev a ile d , and skeptical o f any m a th e m a tic ia n w ho p re s u m e d to a tte m p t to u n d e rs ta n d it, he w as even m o re im p a tie n t w ith th o se m a th e m a tic ia n s in w h o m a sy m p a th y for th eo re tic al p h y sics w as lacking, a failing he a ttrib u te d in p a rtic u la r to th e F re n c h school of th e 1950s.
H a ris h -C h a n d ra w as in tro sp e c tiv e an d o ften reflected on his ow n w o rk in g m eth o d s. A t a co n feren ce in h o n o u r of D ira c sh o rtly b efo re his ow n d e a th he e x p ressed his view s on th e role o f in tu itio n .
'I have often p o n d e re d over th e roles of know ledge or ex p erien ce, on th e one h a n d , and im a g in a tio n or in tu itio n , on th e o th e r, in th e process o f discovery. I believe th a t th e re is a c e rtain fu n d a m e n ta l conflict b e tw e en th e tw o a n d know ledge, by a d v o catin g c a u tio n , te n d s to in h ib it th e flight of im a g in a tio n . T h e re fo re a c e rta in n aiv ete, u n b u r d e ned by c o n v e n tio n al w isd o m ,-can so m etim es be a po sitiv e a s se t.' T h e s e rem a rk s refer to D irac b u t also, and q u ite consciously, to him self. H o w ev er, his a d m ira tio n of K o d a ira an d Siegel ex p ressed p e rh a p s a clearer a ssessm en t o f his ow n gifts. H a ris h -C h a n d ra cam e to m ath e m a tic s relatively late an d , in spite o f e n th u sia stic in itial a tte m p ts , th ere w ere b ro a d d o m ain s o f m ath e m a tic s th a t he n e v e r assim ilated in any serious w ay, a lth o u g h he learn ed all th a t he n e e d ed , w h ich was c o n sid erab le. N o n e th e less, for a m a th e m a tic ia n o f his s ta tu re and am b itio n s his base was n a rro w . H e knew this; it tro u b le d him ; a n d he was m o re th a n a little defensive. In th e circles in w h ich he often fo u n d h im se lf he h ad to be. H ow ever, w h at saved h im w as n o t, in m y view , his in tu itio n , of w h ich he had relatively little, e ith e r geo m etric o r algebraic, b u t an analytic p o w er and algebraic facility u n su rp a sse d in m y experience. H e of course ex p lo ited th e ideas of o th ers and te c h n iq u e s th a t w ere at h a n d^ they w ere occasionally cru cial-b u t by and large it is n o t too m u ch of an exaggeration to say th a t he m a n u fa c tu re d his ow n tools as th e need arose, and th a t one of th e g ra n d m ath e m a tic a l th eo ries o f th is c e n tu ry has been c o n stru c te d w ith th e skills w ith w h ich one leaves a course in ad v an ced calculus.
O v er th e years he k ep t h im se lf in fo rm e d in a casual way o f d e v e lo p m en ts in physics th ro u g h p o p u la r articles and co n v ersatio n , and it gave him great p leasu re th a t th e eld er of his tw o d a u g h te rs, P rem ala, chose to stu d y it in g rad u a te school. In his last years, no longer able to w ork long h o u rs, he had m ore tim e to sp en d w ith h e r and his y o u n g e r d a u g h te r D evaki. H e w ould often th u m b th ro u g h P re m i's tex tb o o k s a n d w hen she was hom e sp e n t m any h o u rs closeted w ith h e r in his stu d y to discuss all th a t she h ad learned since h e r last visit. T h a t it was so lid -sta te physics, w ith w hich he was u n fam iliar, and n o t his first passion, e le m en ta ry particle physics, only h e ig h te n ed th e in te re st for him . In 1947 -4 8 D irac w as a v isitin g p ro fe sso r at th e In s titu te for A d v an ced S tu d y in P rin c e to n an d H a ris h -C h a n d ra w as a p p o in te d his assistan t. H e re m a in e d a seco n d year on his ow n. In P rin c e to n he w ro te one m o re p a p e r on p h y sics, becam e closer to D irac an d his fam ily, a n d also fo rm e d a frie n d sh ip w ith W . E. P auli, F .R .S ., and his wife. H e h ad alread y m et P au li, first in E n g la n d , p ro b a b ly at th e In te rn a tio n a l C o n feren ce on F u n d a m e n ta l P a rtic le s and L o w T e m p e ra tu re s held at th e C av en d ish L a b o ra to ry in 1946. T h e re , to P a u li's annoyance, he h ad had the te m e rity to su g g est, c o rre c tly as it tu rn e d o u t, in a rem ark at th e end of P a u li's lec tu re th a t P auli h ad m ade a m istake. L a te r in Z u ric h , w hile H a rish -C h a n d ra w as th e re for th e su m m e r to stu d y G e rm a n , P auli h ad taken th e occasion to invite h im to his hom e. A bove all, d u rin g his stay at the In stitu te , he p lu n g ed into m ath em atics, keen, to ju d g e from his letters of the p e rio d , to m a ste r it all, an d stru c k up frie n d sh ip s w ith o th e r y o u n g visitors, for exam p le F. M a u tn e r, G . D . M o sto w and I. Segal. S om e w ere to last a lifetim e.
C u rio u sly en o u g h th e last p a p e r on p h y sics (19486)*, w h ich dealt a p p a re n tly w ith a m ath e m a tic a lly w ell-d efin ed p ro b le m su g g ested by a p a p e r by D irac is v itiate d by a topological e rro r. O th e rw ise H a rish -C h a n d ra m ig h t have a n tic ip a ted by th irty years resu lts of at least som e sp ecu lativ e in te rest. H e co n sid ers the m o tio n of an ele c tro n in th e field of a m ag n etic m o n o p o le, and professes to prove th e re are no b o u n d states. It tu rn s o u t th e re is one. So far as I can see H a ris h -C h a n d ra does not observe th a t th e eigenvalue p ro b le m he is solving is n o t for fu n ctio n s b u t for sections of a b u n d le , a p o in t th a t D irac in his ow n m a n n e r stressed . So H a ris h -C h a n d ra goes astray w hen se p ara tin g variables, is able to im itate th e relativ istic tre a tm e n t of the h y d ro g en atom , and m isses th e novel fea tu re of his e q u a tio n .
A t th e sam e tim e the m ath e m a tic a l sp rin g s, having finally forced th e ir w ay to th e surface, ru sh e d fo rth in a to rre n t th a t was n o t to abate for tw o decades, and in d eed c o n tin u e d only slightly d im in ish e d u n til his death.
H is lette rs of the tim e reveal an eager, confident, alm ost b rash young m an . In P rin c e to n he took courses from C. C hevalley and E. A rtin , b u t w as d isa p p o in te d in H e rm a n n W eyl, F .R .S ., w hose p erso n ality was p e rh a p s too elaborate for him . A t the suggestion of I. Segal he read W e il's book L 'integration dans les groupes topologiques. H e read it carefully and quickly, im m ed iately n o ticin g a gap in th e p ro o f of the d u ality theorem . In 1949-50 he sp e n t a year at H a rv a rd as a Jew ett Fellow to stu d y algebraic geo m etry w ith O. Z ariski w ith w hom he seem s to have got along w ell, b u t his fellow ship was no t renew ed. P e rh ap s he spent too m u ch tim e on rep re sen ta tio n th eo ry , b u t he did learn som e algebraic g eom etry, a lth o u g h little appears in his papers. O ne in cid en t is w o rth rec o u n tin g because it show s an aspect of H a rish -C h a n d ra th a t was afte rw a rd s su p p re sse d . Irv in g Segal was tea c h in g a course on ele m en ta ry n u m b e r th eo ry at C o lu m b ia in 1953-54 fro m T . N a g e ll's text, and one day was q u e stio n e d by his stu d e n ts a b o u t a seem ingly easy p ro b le m he had assigned, nam ely, to show th e existence for all p rim es p n o t d iv id in g 7 a b co f so lu tio ax3 + b y3 = c (m od p). H e stru g g led w ith it for th e rest of th e h o u r b u t was stu m p e d . H e left, p ro m isin g to re tu rn to th e n ex t m eetin g w ith a so lution, and w ork ed o v e rn ig h t on th e p ro b le m , b u t w ith o u t success. In d e s p e ra tion as th e class ap p ro a c h e d , he c o n su lte d th e m any e m in e n t specialists am ong his colleagues, b u t to no avail. H e also m e n tio n e d th e p ro b le m casually to H a ris h -C h a n d ra , n o t e x p ectin g h elp, b u t the nex t day H a rish -C h a n d ra o b serv ed th a t the gen u s of the p ro jectiv e cu rv e b e in g one and th ere b ein g at m o st 3 p o in ts at infinity the existence of so lu tio n s w as for p > 7 a co n seq u en ce of th e W eil th eo re m . F o r 7 it can of course be verified directly . L a te r appeals to E. A rtin and to N agell h im se lf yielded m o re e le m en ta ry so lu tio n s b u t none sim pler.
A lgebraic geo m etry was no t all he in te n d e d to learn. In a le tte r to Segal of 1951, in w hich he first d escrib es his resu lts on re p re se n ta tio n th eo ry and th en expresses his reg rets at n o t b ein g able to trav el, a n d in d icates his in te n tio n to take a course in p a in tin g d u rin g th e su m m e r, he goes on to say th a t he is to lectu re on topological g ro u p s in th e co m in g year and is b e g in n in g to be a ttra c te d to classical analysis, especially fu n ctio n th eo ry (alth o u g h he realizes it is som ew hat u n p o p u la r w ith the m o d e rn young m en) and th e th eo ry of m o d u la r fu n ctio n s. H e describ es his plans to sp e n d m ost of his tim e on fu n ctio n th eo ry and algebraic geo m etry , b u t in the nex t line expresses the p leasu re w ith w h ich he anticip ates a course of C hevalley on class-field th eo ry and z e ta -fu n c tio n s. T u r n in g to m a th e m atical gossip, he m en tio n s th e 'sensational new d ev elo p m en ts in F ran ce co n c ern in g h o m o to p y g ro u p s ', n o tin g w ith ap p roval th a t 'C a rta n c e rta in ly seem s to have b ro u g h t in som e fresh blood in to to p o lo g y ,' and observes th a t 'C hevalley is still b u sy w ith his exceptional g ro u p s,' ad d in g th a t 'I am sure th a t after Elie C a rta n he is th e m an w ho know s m o st a b o u t th e m .' F inally he re p o rts on the w ork of G . R acah on th e in v arian ts of th e exceptional g ro u p s, w ith its ap p licatio n to the calculation of th e ir B etti n u m b e rs, ob serv in g in a som ew hat p a tro n izin g tone, 'F o r a m an w ho is not a professional m ath e m a tic ia n , he seem s to be exceptionally well in fo rm ed a b o u t g ro u p s and is u n d o u b te d ly very a b le .' T h e m atu re H a ris h -C h a n d ra was m o re focused, and m ore su b d u e d .
In 1950 he took up a p o sition at C o lu m b ia U n iv e rsity in N ew Y ork and rem ain ed th ere u n til 1963, a lth o u g h he sp en t several of th e in te rv en in g years ab ro ad . T h e academ ic year 1952-53 he sp e n t in B om bay at the T a ta In stitu te , re tu rn in g also to B angalore, w here he was m et at the a irp o rt by R am an. T h e re he was m a rrie d to L alith a K ale, now L ily H a rish -C h a n d ra , w ho w ith good sp irits, g en erous affection, patience, and all ro u n d co m petence was to p a m p e r him for th irty years.
It is n o t clear w h e th e r he seriously c o n te m p la te d re m a in in g in In d ia. B h a b h a seem s to have m ad e an effort to create a reaso n ab le p e rm a n e n t p o sitio n in B om bay, b u t w h e th e r H a ris h -C h a n d ra felt th a t th e p ro p e r rec o g n itio n o r th e p ro p e r w o rk in g c o n d itio n s co u ld only be o b tain e d a b ro a d , he d id n o t stay and d id n o t re tu rn again except for b rie f visits. H e c o n tin u e d to c o n c ern h im se lf w ith In d ia n m ath e m a tic s and m a th e m a ti cians. T h e s tre n g th o f his influence can be m ea su red by the n u m b e r of In d ia n s w ho have c o n trib u te d in rec e n t years to re p re se n ta tio n th eo ry a n d rela te d d o m ain s.
T h e academ ic year 1955-56 was sp e n t at th e In s titu te for A dvanced S tu d y a n d 1957-58 was sp e n t in P aris on a G u g g e n h e im F ellow ship. H e and L ily lived at S ceaux, w here th ey w ere o ften visited by A n d re W eil. B oth he a n d H a ris h -C h a n d ra w ere keen w alkers, and w ould stroll in the n e a rb y P arc de S ceaux, a c co m p an ied by L ily, w ho w as u sually ig nored.
A n in cid e n ta l w indfall fro m th e tim e in P aris was a su b sta n tia l increase in salary at C o lu m b ia . T h e dean at C o lu m b ia , u n h a p p y w ith tw o leaves of absence so close to g e th e r, ex p ressed his d isp le a su re in lette rs to H a rish w ho w as already in P aris a n d w ho, anxious to rem ain th ere , tu rn e d to W eil for counsel. W eil, for w hom d e a n -b a itin g was an agreeable d iv e r sion, w as glad to p ro v id e it and p o in te d o u t to H a ris h -C h a n d ra th a t his scientific c o n trib u tio n s o f th e p rec e d in g few years h ad b een such th a t a large n u m b e r of u n iv ersitie s w ould be glad to have him , if C o lu m b ia felt it p re fe rre d to do w ith o u t his services, and in d eed at a c o n sid erab ly h ig h e r salary, for at th e tim e H a ris h -C h a n d ra 's salary was on th e low side. W eil u rg ed him to co m m u n ic a te all th is to th e dean, and even d ic ta te d an a p p ro p ria te letter. I am assu red th a t it was sent, alth o u g h re lu c ta n tly . T h e leave was certain ly ex te n d e d and his salary raised.
In P aris H a ris h -C h a n d ra a tte n d e d lectu res by W eil on d iscrete g ro u p s and was fired w ith the a m b itio n to prove the finiteness o f the volum e of the fu n d a m e n ta l do m ain for a rb itra ry a rith m e tic su b g ro u p s of sem i sim ple L ie g ro u p s. R e tu rn in g to C o lu m b ia he stu d ie d w ith great a tte n tio n th e p ap ers of Siegel on red u c tio n th eo ry , w orking th ro u g h the pro o fs rep eated ly u n til to w ard s 1960 he fo u n d th e key to the general th eo re m . It belo n g ed to a line of d ev elo p m en t th a t had felt th e han d of m any of th e m asters of n u m b e r th eo ry , fro m G auss to Siegel, and it b ro u g h t H a ris h -C h a n d ra great satisfaction.
In a lectu re delivered in 1955 e n title d On the characters of a semisimple Lie group (19556) H a ris h -C h a n d ra was already a tte m p tin g to discover the p ro p e rtie s of the d istrib u tio n c h a ra c te r of an irre d u cib le rep re sen ta tio n , w hose existence he had estab lish ed in 1952. By the tim e of his visit to P aris he was try in g to show th a t it was in fact given by a locally integrable fu n ctio n on the gro u p . T h is he first a n n o u n ced in 1963, b u t at least one essential featu re of the p ro o f was already in his m in d in 1958, the red u c tio n of the th eo re m on the g ro u p to a sim ilar th eo re m on the Lie algebra.
If
is a fu n c tio n on an in v a ria n t n e ig h b o u rh o o d o f 1 in th e L ie g ro u p . T h e dual m ap T -► xT takes in v a ria n t d istrib u tio n s in G to in v a ri tio n s on U , and in o rd e r for th e re d u c tio n to fu n c tio n it m u st be show n th a t it takes e ig e n d is trib u tio n s o f z in th e c e n tre of th e un iv ersal e n v e lo p in g algebra to e ig e n d istrib u tio n s o f th e o p e ra to r d(pz), w h e re pz is an in v a ria n t p o ly n o m ial on the L ie alg eb ra associated to z. F o r th e C a sim ir o p e ra to r H a ris h -C h a n d ra knew th is, b u t th a t was n o t sufficient evidence th a t it w as tru e in general. So in P aris, c o n tra ry to c u sto m , for he seld o m co n sid e red special cases, he passed to th e g ro u p S L (3), for w h ich th ere is a second g e n e ra to r of th e c e n tre o f degree 3, and by ex plicit calcu latio n show ed th a t d(pz)xT = 2tt if T h is a p p e ars to have given h im th e n ecessary confidence th a t it was tru e in g eneral.
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In 1961-62 H a ris h -C h a n d ra sp e n t a n o th e r year at th e In s titu te for A d v an ced S tu d y , w h ich was c o n te m p la tin g a p p o in tin g h im a p ro fesso r. T h e offer w as finally m ade in 1963 a n d he re tu rn e d , re m a in in g th e re w ith only b rie f absences u n til his death .
A lth o u g h his h e a lth had been u n d e rm in e d by o verw ork he h ad reg ain ed his v ig o u r and was at th e h e ig h t of his career, a b o u t to estab lish the existence and th e p ro p e rtie s o f th e d iscrete series. A tall, exceedingly h a n d so m e m an , already so m ew h at on th e th in side, he was a little tim id and reserv ed , and his in te rc o u rse w as m ark ed by a form al c o u rte sy w hich did n o t conceal th e in te n sity o f his feelings and w as often b ro k e n by a laugh or a sm ile, alth o u g h in later years he was in clin ed to w ith d ra w b e h in d it. H o w ev er in 1963 his m ath e m a tic a l h o rizo n s w ere still e x p a n d ing and he w as, if n o t easy, certain ly co n fid en t and g reg ario u s, m oved by th o se a b o u t h im and w illing to gossip, his c o m m e n ts lacking n e ith e r th e a p p ro p ria te m alice n o r th e necessary in sig h t. H e enjoyed co n v e rsa tio n on general topics a n d on m ath e m a tic s, w here his p re fe rre d style, reflecting his e n th u sia sm and th e pace of his w ork, was th e m o n o lo g u e, b u t th e re was n o th in g inch o ate a b o u t his th o u g h t and he spoke clearly an d fluently. F o r th o se w ho w ere w illing to forget th e ir ow n p reo c c u p a tio n s for an h o u r o r tw o it was a g reat p leasu re to see his ideas still re d -h o t fro m the forge.
H e co u ld listen too, resp o n d to c o m m e n ts and reflect on q u e stio n s, b u t it was difficult to tu rn h im to to p ics div o rced fro m his ow n co n cern s or to m ake him co n sid e r a view differen t from his ow n. H ow ever, he could change his m in d and was deeply atta ch e d to y o u n g e r m ath e m a tic ia n s w hose w ork im p in g ed on his ow n and w ho he felt had c o n trib u te d
n u n fav o u ra b le . T h e influence o f R. H ow e, a m a th e m a tic ia n o f a cast o f m in d q u ite d ifferen t fro m his ow n w hose ideas w ere a key to h a rm o n ic analysis on p -a d ic g ro u p s, is p a te n t, and was en th u sia stic a lly ack n o w led g ed . H is resp o n se to m y ow n w ork, p e rh a p s because it u n d e rlin e d th e value of his ow n c o n trib u tio n s for th e th e o ry of a u to m o rp h ic fo rm s, w as g e n e ro u s in th e ex trem e. In later years he becam e c o n v in c e d of th e im p o rta n c e of J. A r th u r 's w ork on th e trace fo rm u la. It an d th e w ork o f L . C lozel on H o w e 's co n jectu res, to w h ich he a tta ch e d g rea t im p o rta n c e , w ere tw o to p ics th a t p reo c c u p ie d h im at his d e a th . H e did n o t assim ilate th e ideas of o th e rs easily, b u t if he felt th ey w ould be useful to h im he w as u n s tin tin g in his efforts to p u t th e m in a fo rm he co u ld u n d e rs ta n d .
H e w as in clin ed to b ro o d on his ow n w ork as w ell. It was a su stain ed , c u m u la tiv e effort, a n d he liked to fo rm u la te ex p licitly th e ideas th a t g u id ed h im . T h e p h ilo so p h y of cu sp form s, w hich he b o rro w ed from th e analy tic th e o ry of a u to m o rp h ic form s, and in term s of w h ich he e v en tu ally cast his th e o ry of h a rm o n ic analysis on real g ro u p s, w as a fav o u rite p rin c ip le . H e later tra n sfe rre d it to />-adic g ro u p s and in tro d u c e d it as w ell, in a sh o rt b u t influential p a p e r (19706), into th e stu d y of re p re se n ta tio n s of finite C hevalley g ro u p s. H e w ould have reg a rd e d this as an a p p lic atio n of th e L efsch etz p rin c ip le , w hich for h im m ea n t th a t real g ro u p s, p -a d ic g ro u p s and a u to m o rp h ic fo rm s (co rresp o n d in g to arch im ed e a n and n o n -a rc h im e d e a n local fields and to n u m b e r fields) sh o u ld be p laced on an equal footing, and th a t ideas and resu lts from one of these th re e categories sh o u ld tra n sfe r to the o th e r tw o. T h e nam e of th e p rin c ip le is one of th e few traces of H a ris h -C h a n d ra 's early read in g in algebraic g eom etry. In his h an d s it led to su b sta n tia l advances in h a rm o n ic analysis on p-adic g ro u p s, b u t it also en co u rag ed ignore th e a rith m e tic a l aspects of adic g ro u p s and a u to m o rp h ic form s, w h ich a p p e ar to be ric h e r th a n th e analytic.
H is p re fe rre d m eth o d of p ro o f was in d u ctio n , w hich was p a rticu la rly su ited to real g ro u p s, for w hich he was able to reduce m any p ro b lem s dow n to S L (2, [R) . H e co m p ared it to high finance. 'If you d o n 't b o rro w e n o u g h you have cash flow p ro b lem s. If you b o rro w too m u ch you c a n 't pay th e in te re s t.' Ju s t the day before his death he m ain ta in e d in a large g a th e rin g th a t 'In m ath e m a tic s we agree th a t clear th in k in g is very im p o rta n t, b u t fuzzy th in k in g is ju s t as im p o rta n t as clear th in k in g .' N o n e th e less, he him self, a lth o u g h he could be w ro n g h ead ed , was never fuzzy.
A t th e In stitu te for A dvanced S tu d y th ere are few form al d uties, b u t H a ris h -C h a n d ra loved to lecture on w ork in progress. M o st years found h im deliv erin g a series of talks. O nce or tw ice his e n th u sia sm encouraged him to p recip itan ce. H is first lectures on the discrete series in 1961 were a b ru p tly b ro k en off, to be resu m ed tw o years later w hen the hole was p atch ed .
In 1968 he w as n am ed I.B .M . von N e u m a n n P ro fesso r of M a th e m a tic s at th e In stitu te . H e w as elected a F ellow of th e R oyal Society in 1973 and later of o th e r academ ies. S u ch h o n o u rs pleased h im , b u t for a m a th e m a ti cian of his sta tu re he received very few. H e was co n sid e red for the F ield s M edal in 1958, b u t a forceful m e m b e r of th e selection c o m m ittee in w hose eyes T h o m was a B o u rb a k ist was d e te rm in e d n o t to have tw o. So H a ris h -C h a n d ra , w h o m he also placed in th e B ourbaki cam p, was set aside. H a ris h -C h a n d ra w ould have b een as a sto n ish ed as we are to see h im se lf lu m p e d w ith T h o m and accused of b ein g ta rre d w ith the B ourbaki b ru sh , b u t w h e th e r he w o u ld have b een so am u sed is d o u b tfu l, for it h ad no t been easy for h im to m ain ta in confidence in his ow n very d ifferen t m ath e m a tic a l style in face of th e o v erw h elm in g p o p u la r success of the F re n c h school in the 1950s.
H e trav elled little in later life, tw o sh o rt stays in P aris and a b rie f visit to In d ia . E ven vacations becam e rare. H ow ever, he d id travel to th e In te rn a tio n a l C o n g ress of M a th e m a tic ia n s in M oscow in 1966, at w hich he deliv ered one of th e general lectu res, and w as d e lig h te d and flattered by I. M . G e lfa n d 's h o sp itality .
In 1969 he had his first h e a rt attack, and from th e n on his h e a lth was a serious co n cern . H is ph y sician p resc rib e d reg u la r exercise and H a rish -C h a n d ra co m p lied , w alking in the late afte rn o o n in th e stre e ts n e a r the In s titu te w ith long, rap id strid es at a faster pace th a n m any of th e jo g g ers. B ut he could n o t rest on his a c co m p lish m e n ts and did n o t cease w orking. T h e re was a c o m p etitiv e streak in h im th a t he n ever recognized and never m aste re d . It did no t let h im rest. S o m etim es he w ould press h im se lf too h a rd , as in his attack on th e sp ectral th eo ry of W h itta k e r fu n ctio n s w hich yielded only on the second assault, th e first too sanguine a tte m p t having been u nsuccessful. D u rin g the en su in g p e rio d of en forced rest a y o u th fu l alm ost e b u llie n t H a ris h -C h a n d ra rea p p e a re d , c h a ttin g easily a b o u t trivial m a tte rs and d isc o u rsin g p assionately ab o u t his favourite p a in te rs.
H is h e a rt grew w orse and in 1982 he had a th ird attack, fro m w hich he n ever p ro p erly recovered. H is last year was tro u b le d by in creasin g frailty, the effects of m ed icatio n and th e know ledge th a t he h ad little tim e left. A conference to celebrate his 60th b irth d a y was p lan n e d for A pril 1984 b u t he was n o t to live to p a rtic ip a te in it. A sim ilar conference in h o n o u r of A rm a n d Borel was held in P rin c e to n in O c to b e r 1983, and was a tte n d ed , the fields of the tw o b ein g so close, by m an y frien d s and colleagues of H a ris h -C h a n d ra . N o one know s w hy or how , b u t for the w eek of the conference, his vig o u r and force reasserted them selves. P rin c e to n 's w arm , clear a u tu m n w eath er prevailed and b etw een lectures at the conference, on a law n o r a terrace of th e In stitu te , he was the cen tre of a lively crow d, ex p ressin g his view s on a variety of topics. O n S u n d ay 16 O cto b er, the last day of the conference he and L ily had m any of the p a rticip a n ts to th e ir hom e. H e was a sp arkling host. In the late afternoon, after the guests had d e p a rte d , he w ent for his c u sto m ary walk, and never re tu rn e d alive. H is ashes w ere sp re a d in P rin c e to n and im m erse d in th e G a n g e s at A llah a b a d .
M a th em a tic a l w ork H a r is h -C h a n d r a 's Collected works w ere p u b lis h e d in 1984 and co n tain essays by V. S. V a ra d ara ja n , N . W allach and R. H ow e th a t p ro v id e a c o m p re h en siv e su rv ey of H a ris h -C h a n d ra 's m ath e m a tic a l p ap ers, d e sc rib in g n o t only his g eneral th e o ry and specific c o n trib u tio n s b u t also th e c o n te x t in w h ich th ey w ere p ro d u c e d . So th e follow ing d e scrip tio n of his a c h ie v e m e n ts will be b rief. H is p ap ers are w ith few ex ceptions c u m u la tiv e , and to som e e x te n t accretive. It ap p ears th a t by th e early 1950s he h ad already g lim p sed th e o u tlin es o f the th eo ry of h a rm o n ic analysis on real sem isim p le g ro u p s, and in th e nex t ten years he m arc h ed to w a rd s it w ith fo rm id a b le d e te rm in a tio n a n d reso u rcefu ln ess, in v en tin g te c h n iq u e s and c o n stru c tio n s as he advanced. E ven after th e w ave of advance h ad c rested in th e d iscrete series and its force been p a rtly d iv e rte d into o th e r ch an n els, the ten acity in the search for so lu tio n s to tech n ical difficulties w hich was a c h a ra c te ristic of H a ris h -C h a n d ra 's style rem a in e d . It h elp s w h en read in g his p ap ers if one can isolate the places w here severe and steady p re ssu re has h ad to be ap p lied and separate th em fro m th e stre tc h e s w here ex perience and stre n g th sufficed. I have a tte m p te d so m e th in g of th e so rt b u t m y lim ited fam iliarity w ith m any of th e p a p e rs does n o t p e rm it m u ch confidence. W ith tim e som e of H a rish -C h a n d ra 's a rg u m e n ts have b een sim plified and som e specific resu lts have b een show n to be co n seq u en ces of o th e r general th eories. I have not allu d ed to any of th is or to su b se q u e n t d ev elo p m en ts, n o r to p ap ers he m ay have left in m a n u sc rip t form . T h e y have yet to be exam ined.
Apprenticeship
In a six -m o n th p e rio d in 1948, b eg in n in g ab o u t h alf a year after his arrival in P rin c e to n , H a ris h -C h a n d ra w rote five pap ers giving new proofs or ex ten sio n s of ex isting th eo rem s in th e th eo ry of L ie algebras and, to som e e x te n t, g ro u p s. T h e influence of C hevalley on these early p apers is m anifest. A m ong o th e r th in g s A d o 's th eo re m affirm ing the existence of faithful rep re sen ta tio n s of a L ie algebra over a field of characteristic zero is p ro v ed and generalized. So is the T a n n a k a d u ality th eo rem , for L ie algebras and for g ro u p s.
T h e p a p e r (1951a) w ritte n in 1950 is tran sitio n al. T h e first p a rt, in w hich the rem arkable ability to deal w ith the a b stract sem isim ple Lie algebra th a t was a hallm ark of H a ris h -C h a n d ra is already highly d ev el oped, provides the first general p ro o f of the existence of the sem isim ple Lie algebra atta ch e d to a C a rta n m atrix . H e establishes it at the sam e tim e as he proves the existence by p u rely algebraic m eans of a finite d im e n sio n a l irre d u c ib le re p re s e n ta tio n o f th e alg eb ra w ith a given h ig h est W eight. T h is is o f co u rse th e basic th e o re m o f th e su b ject, a n d h ad been p ro v ed before, w ith q u ite d ifferen t m eth o d s, by C a rta n an d by W eyl. H a ris h -C h a n d ra a ttrib u te s som e o f th e ideas in his c o n s tru c tio n to C hevalley.
In th e re m a in in g th re e sections of th is long p a p e r he strik es o u t on his ow n. H e co n sid ers in fin ite -d im e n sio n al re p re se n ta tio n s and in itia tes th e th eo ry o f ((5, i£ )-m o d u le s, b u t o nly for co m p lex sem isim p le L ie algebras, sh ow ing in effect th a t th e re are only finitely m an y irre d u c ib le re p re s e n tatio n s w ith a given infin itesim al c h a ra c te r and c o n ta in in g a given Kty p e, and th a t a given i^-ty p e o ccu rs only a finite n u m b e r of tim es in a given irre d u c ib le re p re se n ta tio n . In a d d itio n he in tro d u c e s for any sem isim p le L ie algebra th e iso m o rp h ism fro m th e c e n tre of th e u n iv ersal en v elo p in g algebra to th e algebra o f e lem en ts in v a ria n t u n d e r th e W eyl g ro u p in th e sy m m e tric algebra of a C a rta n su b alg eb ra. It is now know n as th e H a ris h -C h a n d ra iso m o rp h ism .
F o llo w in g I. M . G e lfa n d a nd M . A. N a im a rk , b u t w ork in g w ith a general co m p lex sem isim p le g ro u p , he in tro d u c e s in th e last section of th e p a p e r th e u n ita ry p rin c ip a l series.
Foundations of infinite-dimensional representation theory
T h e s e w ere c reated rap id ly , so th a t by 1954 he h ad alread y tu rn e d to p u rely analytic p ro b lem s: h a rm o n ic analysis and the existence of th e d isc re te series. T h e m ain tech n ical ach iev em en ts w ere th e existence of analytic vectors, w h ich allow s one to p u rg e th e th e o ry o f inessential fu n c tio n a l-a n a ly tic featu res a n d th u s to pass to the alm o st p u rely algebraic ((5, /Q -m o d u le s; and th e su b q u o tie n t th eo re m , fro m w h ich one can d ed u ce th e existence of th e d istrib u tio n c h a ra c te r as well as an in te g ral fo rm u la for th e m atrix coefficients of an irre d u c ib le re p re s e n tatio n w h ich H a ris h -C h a n d ra , u n d e r th e influence o f th e th eo ry of a u to m o rp h ic form s, later called th e E isen stein in teg ral.
Grappling with the Plancherel form ula
T h e d istrib u tio n c h a ra c te r / -> Tw{f) associated to an eq u ivalence class of irre d u cib le u n ita ry re p re se n ta tio n s once in tro d u c e d , th e P lan ch erel fo rm u la is a fo rm u la / 0 ) = f r"(/)d<B, valid for sm o o th co m p actly su p p o rte d fu n ctio n s on the g ro u p . T h e in te g ratio n is to be taken over an explicitly d escrib ed collection of in eq u iv a le n t irre d u cib le re p re se n ta tio n of th e g ro u p w ith resp ect to an explicit m easu re d co.For com plex classical g ro u p s such a fo rm fo u n d by G e lfa n d and N a im a rk . T o pro v e it one c o m b in es in te g ra tio n fo rm u la s on th e g ro u p re su ltin g fro m th e c irc u m sta n c e th a t every e le m e n t lies in a B orel su b g ro u p w ith e le m e n ta ry F o u rie r analysis. H a ris h -C h a n d ra reco g n ized (1 9 5 1 /, 1954c) th a t th e p ro o f co u ld be e x te n d e d to an a rb itra ry co m p lex sem isim p le g ro u p b u t n o t to a real se m isim p le g ro u p w ith m o re th a n one co njugacy class of C a rta n su b g ro u p s. H e b eg an to attack th e p ro b le m for real g ro u p s on several fro n ts. H e p ro v e d th e P la n ch e rel fo rm u la for S L (2 ) by ex plicit, e le m en ta ry cal c u la tio n s (1952), u sin g th e ex isten ce of th e d isc re te series, and u n d e r sto o d th a t as far as th e re p re se n ta tio n s n eed ed for th e P la n ch e rel th e o re m w ere c o n c e rn e d th e critical p o in t w as th e c o n stru c tio n of th e sq u arein te g rab le re p re se n ta tio n s, often called th e d isc re te series. T h e n o tio n of a sq u a re -in te g ra b le re p re se n ta tio n h ad also b een e x tra c te d from the resu lts o f B a rg m a n n by G o d e m e n t, b u t w h at is strik in g is th a t H a rish -C h a n d ra reco g n ized , so far as I know befo re b o u n d e d sy m m e tric do m ain s and a u to m o rp h ic fo rm s b ecam e p o p u la r to pics, in the w ork o f B arg m an n and th a t of G e lfa n d a n d G ra e v on S L ( , IR) th e te c h n iq u e of c o n stru c tin g s q u a re -in te g ra b le re p re se n ta tio n s on th e L 2-sectio n s of h o lo m o rp h ic v e c to r b u n d le s. H e also show ed, a lth o u g h he ex p ressed h im se lf d iffer en tly an d th e significance of th e fact was n o t to be realized u n til m u ch later w h e n , a fter his p ro o f of the existence of the full d iscrete series, ex p licit c o n stru c tio n s w ere so u g h t, th a t (in c u rre n t term in o lo g y ) only the h o lo m o rp h ic d iscrete series could be realized on cohom ology g ro u p s in d eg ree 0 .
H e w as m arsh a llin g o th e r te c h n iq u e s as w ell, b rin g in g th e spectral th e o ry of o rd in a ry differential eq u a tio n s an d F o u rie r analysis to bear. H e also o b serv ed th a t th e c h a ra c te r of an irre d u c ib le rep re sen ta tio n was an e ig e n d is trib u tio n of th e c e n tre of the universal en v elo p in g algebra. T h is allow ed h im to show (the a rg u m e n t is n o t difficult) th a t th e c h a ra c te r is, at least on th e reg u la r set, a fu n ctio n given by a q u o tie n t of a ra th e r sim ple fo rm (19556, 1956c) . T h e re is a w e ll-d e te rm in e d d en o m in a to r, and a n u m e ra to r w h ich is a linear c o m b in a tio n of e lem en tary fu n ctio n s. It is the coefficients of th e n u m e ra to r th a t have to be d e te rm in e d in later u n iq u en e ss a rg u m e n ts. It is by no m eans clear th a t the c h a ra c te r itself is a fu n c tio n on the sin g u lar set as well. In p a rtic u la r th e d e n o m in a to r is 0 th ere. So one can n o t say exactly w hen H a ris h -C h a n d ra began to suspect th a t th e q u o tie n t w as everyw here locally in teg rab le and rep re sen te d the d istrib u tio n , b u t it was certainly n o t long after 1955.
T h e deep est sequence of p ap ers from this p erio d is p e rh a p s th at dev o ted to the lim it form ula, w hich expresses th e value / ( 0) of a sm ooth, co m p actly s u p p o rte d fu n ctio n / on the L ie algebra as a lim it of derivatives of its o rb ital integrals. O ne supposes th a t he h o ped to apply th e resu lts to the P lan ch erel fo rm u la itself and th a t he was at the tim e unaw are how im p o rta n t th ey w ould be for the c o n stru c tio n of the discrete series. H e re , as ev ery w h ere in the w ork of H a ris h -C h a n d ra , th e re are basic id en tities for differential o p e ra to rs w h ich resu lt fro m su p p re ssin g , for v arious reasons, co o rd in a te s th a t are in som e sense p o lar and keeping only radial c o o rd in a te s. T h e id e n tity th a t expresses th e o rb ital in teg rals of zf in te rm s of th o se of / w h en z is an in v a ria n t d ifferential o p e ra to r w ith c o n sta n t coefficients on th e L ie algebra is, along w ith a sim ilar id e n tity on th e g ro u p , the critical one in these p a p e rs and is still basic. H a ris h -C h a n d ra w rites it as (p^j = d(p) (f)f. A n o th e r te c h n iq u e th a t ap p ears for th e first tim e here is re d u c tio n to the se m ire g u lar elem en ts. It was to be u sed over and over again. O th e rw ise the lim it fo rm u la resu lts fro m co m b in in g in te g ra tio n fo rm u las w ith ele m en ta ry te c h n iq u e s fro m F o u rie r analysis, and from p ro p e rtie s of th e fu n d a m e n ta l so lu tio n of som e se c o n d -o rd e r h y p e rb o lic e q u a tio n s w ith c o n sta n t coefficients. T h e search for an explicit P la n ch e rel fo rm u la is a p ro b le m in spectral th eo ry . T h e fo rm u la can also be reg a rd e d as ex p ressin g a fu n ctio n tra n s fo rm in g on the left and rig h t u n d e r given irre d u c ib le re p re se n ta tio n s of a m axim al co m p act su b g ro u p K as an in teg ral of m atrix coefficients of irre d u cib le rep re sen ta tio n s. A p p a re n tly a tte m p tin g to o b tain a h a n d le on th e ex p licit m easu re in the P lan ch erel fo rm u la H a ris h -C h a n d ra c o n sidered in reference 1958a, bf u n ctio n s b i-in v a ria n t u n d e r he seem s to have (correctly) believed th a t the d iscrete series was irre le v a n t, so th a t he had all the in g re d ien ts of th e ir h a rm o n ic analysis at his disposal. H e re one is dealing w ith a h ig h er-d im en sio n a l version of th e classical spectral th eo ry on a h alf-lin e. T h e e le m en ta ry spherical fu n ctio n s w hich are the elem en ts of th e ex p an sio n satisfy differential e q u a tio n s th a t, w hen the /C -invariance is taken into acco u n t, yield an o v e rd e te rm in e d system . T h e central topic of th e p ap ers is th e a sy m p to tic b e h a v io u r of the spherical fu n ctio n s, for H a ris h -C h a n d ra show s th a t the P lan ch erel m easu re is given, as in th e classical th eo ry , by the coefficients of th e a sy m p to tic expansion. H e show s th a t it has an asy m p to tic ex p ansion by g en eratin g a series by recu rsio n , checking convergence and th e n verifying th a t it satisfies the necessary differential e q u atio n s by in te rp o la tin g b etw een those values of the p a ra m e te r th a t c o rre sp o n d to finited im ensional rep re sen ta tio n s. F o r th e finer stu d y of th e ex p ansion he is able to red u ce the e q u atio n s to a fo rm th a t enables him to exploit along rays a m eth o d m u ch like variatio n s of p a ra m ete rs. T h e coefficient th at ap p eared in the a sy m p to tic ex p ansion he labelled th e c-fu n ctio n . H e gives an integral fo rm u la for it and proves w h at he later referred to in a m ore general co n tex t as the M a a ss-S e lb e rg relations. T h e basic in g re d ien ts of his h arm o n ic analysis, especially th e weak in eq u ality and th e S chw artz space, are im p licit in these p apers. All th a t is m issing, a p a rt of course from th e d iscrete series, is the B h an u -M u rty -G in d ik in -K a rp e le v ic h device for red u c in g the calculation of the c-fu n ctio n to the ran k -o n e case. H ow ever, the explicit fo rm u la for ran k -o n e g ro u p s does appear.
The discrete series
T h e basic resu lts w ere a n n o u n c e d in his p a p e rs o f 1963. T h e first is th a t every in v a ria n t e ig e n d is trib u tio n , in p a rtic u la r every c h a ra c te r, is a locally su m m a b le fu n ctio n . T h e o th ers, m o re difficult to state, p ro v id e th e full d isc re te series. H ow ever, only later w as he able to describe ex p licitly th e c h a ra c te rs of th e re p re se n ta tio n s of th e d iscrete series on the ellip tic set and th e re b y p a ra m e triz e th em . T h e se are th e cen tral resu lts in th e re p re se n ta tio n th e o ry of real sem isim p le g ro u p s and the proofs w ere long and a rd u o u s, re q u irin g several difficult tech n ical steps w hich w ere dealt w ith in a seq u en ce of p ap ers c u lm in a tin g in p ap ers 1965c and 1966 now re fe rre d to as Discrete series I and I I.
T h e re are tw o fo rm s to the th eo re m th a t an in v arian t e ig e n d istrib u tio n is a fu n c tio n . O n th e L ie algebra th e differential o p e ra to rs of w hich th e d is trib u tio n is to be an e ig e n d istrib u tio n are the in v arian t c o n sta n t coefficient differential o p e ra to rs. O n the g ro u p they are th e elem en ts of th e c e n tre of th e u n iv ersal env elo p in g algebra. T h e th eo re m is first p ro v ed for th e L ie algebra and th en tra n sfe rre d to th e g ro u p .
H a ris h -C h a n d ra first proves, in a local form , th a t an in v arian t e ig en d istrib u tio n of th e C a sim ir o p e ra to r th a t is su p p o rte d on the n ilp o te n t e lem en ts is zero. T h e c ru x of th e m a tte r is, of course, to show th a t th ere are tra n sv e rse d ire c tio n s on th e sym bol of th e differential o p e ra to r th at th ere is no p o ssib ility of cancelling. T h e Ja co b so n -M o ro so v lem m a, w h ich was to re a p p e a r in his w ork on p -ad ic g ro u p s, is an im p o rta n t tool. L ocal su m m a b ility on the L ie algebra is p ro v ed in reference 1965a. As already rem ark ed it is no t difficult to show th a t on the reg u lar set the d istrib u tio n is given by a fu n ctio n F. M o reo v er he has pro v ed in a p rec e d in g p a p e r (the key b ein g th e id en tity = d(p)f for orbital integrals) th a t F is locally su m m ab le and th u s defines a d istrib u tio n TF. So he needs to show th a t T -TF = 0. By in d u ctio n on the dim en sio n of the algebra he show s th a t it is s u p p o rte d on the n ilp o te n t elem ents. F o r som e r and som e c the e q u a tio n (d(co) -c)r 0 is satisfied, 8((jo) being the C asim ir o p e ra to r. By an in d u c tio n on r he is allow ed to assum e
T h e n -c) (T-TF) = Td F -d(co) TF.
Since the rig h t side of this e q u a tio n is a d istrib u tio n defined by a fu n ctio n it can be stu d ie d by in te g ratio n by parts. E xam in in g it a ro u n d sem ireg u lar elem ents w here it is show n to be 0 by in d u ctio n and by red u ctio n to S L (2, IR), w hich can be tre a te d directly , one show s th a t it is 0. T h u s (d(co) -c) (T-) = 0. Since T -Tfis s u p p o rte d on th e set of n ilp o te n t elem ents it follow s from the first p a p e r of the sequence th a t it is 0 .
In reference 1965a he also proves the th eo rem th a t is critical for tra n sfe rrin g the results from the algebra to the gro u p . It states th a t an in v arian t differential o p e ra to r th a t annihilates all inv arian t functions also an n ih ilates all in v arian t d istrib u tio n s.
T h e existence and u n iq u en ess of the invariant e ig en d istrib u tio n s, w h ich tu rn o u t to be th e d iscrete series c h a ra c te rs, is first p ro v ed on th e L ie algebra. T h e re th e existence is in essence p ro v ed by w ritin g the d istrib u tio n s dow n as an ex p licit F o u rie r tra n sfo rm . T h e existence on th e g ro u p is p ro v ed by tra n s fe rrin g in p atch es in v a ria n t d istrib u tio n s from th e algebra to th e g ro u p by th e d u als of tra n s fo rm a tio n s on fu n c tio n s of th e fo rm /-►</> w ith (f){X) = £(X)/ ( e x p X), £ b ein g a fixed fu n ctio n . T h e d istrib u tio n s are specified by th e ir re stric tio n to th e o p en set of reg u lar ellip tic elem en ts. U n iq u e n e ss is o b ta in e d by m o v in g across se m ire g u lar e lem en ts to th e o p en sets d e te rm in e d by th e reg u la r e lem en ts in o th e . co njugacy classes of C a rta n su b g ro u p s, u sin g th e g ro w th co n d itio n s im p o sed to force m o st of th e c o n sta n ts in th e n u m e ra to rs to be 0. It involves also in te g ra tio n by p a rts an d the use o f the d ifferential e q u a tio n s to m atc h th e c o n sta n ts across sem ire g u lar elem en ts. In 1966 he finished his stu d y o f th e d iscrete series (1966a, p ro v in g th a t th e e ig e n d istrib u tio n s he had c o n s tru c te d are in d eed c h a ra c te rs of sq u a re -in te g ra b le re p re se n ta tio n s, an d tu rn e d to th e h a rm o n ic analysis. T h e fu n c tio n S ,which defines th e rate of decay d e m a n d e d o f fu n c th e S c h w a rtz space ^( G ) , ap p ears a n d h alf of referen ce 19666 is d ev o ted to th e basic p ro p e rtie s of th is space. T o show th a t th e e ig e n d istrib u tio n s th a t he has c o n s tru c te d and labelled 6k are c h a ra c te rs o f s q u a re -in te g ra b le re p re se n ta tio n s he m u st, first of all, verify th a t th e ir F o u rie r coefficients w ith resp ect to a m axim al co m p act s u b g ro u p are sq u a re in te g rab le , or b e tte r, lie in ^(G ). T h e e ig e n d istrib u tio n s are te m p e re d , in o th e r w o rd s th ey lie in th e dual of ^(G ), and th u s by th e th eo ry of ^( G ) so are th e ir F o u rie r coefficients, w h ich th ere fo re satisfy th e w eak in eq u ality , th e rate of g ro w th p e rm itte d to iG-finite fu n ctio n s in th e dual of ^(G ). H o w ev er, the differential e q u a tio n s satisfied by 6X are passed on, a lth o u g h in so m ew h at a ltered fo rm , to its F o u rie r coefficients, and th ey im p ly th a t slow g ro w th m u st be rap id decay.
T o show th a t th e e ig e n d istrib u tio n s are te m p e re d is a serious m atte r. T h e a rg u m e n t is c o n v o lu te d and is m ad e to rely u ltim a tely on th e m ax im u m p rin c ip le for th e L a p la c e -B e ltra m i o p e ra to r on G, a lth o u g h th a t co uld be avoided. B ecause one of th e in v arian t d istrib u tio n s, later called th e S te in b e rg c h a ra c te r by H a ris h -C h a n d ra , is c o n sta n t on th e set Gb of co n ju g ates of reg u la r elliptic elem en ts, th e necessary estim ates can be red u c e d to one fo r
§K(f)B(xk) dk if
is th e c h a ra c te G B, p ro v id e d th a t th e F o u rie r coefficient of th e S te in b e rg c h a ra c te r w ith resp ect to th e trivial re p re se n ta tio n of K is 0. It is in fact 0 for all the e ig e n d istrib u tio n s. T h is is because an ele m en ta ry estim ate forces it to go to zero at infinity w hile the differential e q u a tio n s force it to grow .
T h e final m ajo r task (19666) was to prove th a t the in v arian t eig e n d is trib u tio n s he h ad c o n stru c te d w ere up to sign th e ch a ra c te rs of th e d iscrete series rep re sen ta tio n s. T h e a rg u m e n t is sim ilar to th a t of W eyl for co m p act g ro u p s and em ploys th e o rth o g o n a lity relatio n s w hose proofs are based on ideas from one of H a ris h -C h a n d ra 's first p ap ers (19566) on sq u a re -in te g ra b le rep re sen ta tio n s.
Harmonic analysis
By th e tim e he h ad c o m p le te d th e p a p e rs on th e d iscrete series H a ris h -C h a n d ra h ad all th e te c h n iq u e s necessary for th e d e v e lo p m e n t of the h a rm o n ic analysis at his disposal. H o w ev er, in 1966 he gave a series of e x p o sito ry lec tu re s on E isen ste in series and th e an alytic th eo ry of a u to m o rp h ic fo rm s, an d th ese stro n g ly influ en ced his view o f h a rm o n ic analysis on a se m isim p le g ro u p and his p re s e n ta tio n o f it. In th e lectu res (1970a, c ) th e h a rm o n ic analysis of th e space L 2(G) is cast in th e m o u ld of th a t of L 2(r\G). C u sp fo rm s a p p e ar, as do E isen ste in integrals, and c u sp id a l p a ra b o lic s u b g ro u p s are d isp la c in g C a rta n su b g ro u p s. T h e S c h w a rtz space is th e re fro m befo re an d fro m now on th e h arm o n ic analysis w o u ld be co u c h ed in te rm s of it a n d n o t of L 2(G ). As for o rd in a ry F o u rie r analysis th is p e rm its th e fo rm u la tio n of m o re precise th eo rem s. , w h ich are analogues of spaces a p p e arin g in th e th eo ry of a u to m o rp h ic fo rm s, and for a fu n ctio n / in one of th e m defines, w ith th e help of th e differential e q u a tio n s it satisfies, th e w eak c o n sta n t te rm f P. T h e E isen stein integral yields fu n c tio n s in th e spaces 5I (G , i) . H e is still h av in g tro u b le w ith the analytic c o n tin u a tio n and fu n ctio n al eq u a tio n s, w hich he w an ts to p u t in th e form fam iliar from th e th eo ry of E isen ste in series. T h e y w ould be dealt w ith in th e lectu re (1972) in w h ich the M a a ss-S e lb e rg relatio n s suggested by th e analytic th eo ry of a u to m o rp h ic fo rm s also occur. T h e P lan ch erel form ula is p ro v ed , a lth o u g h th e m easu re is n o t given as explicitly as in reference 1972.
T h e pro o fs of these resu lts ap p e are d in th re e long pap ers 1975, 1976a, b) . (T h e te c h n iq u es of th e first tw o p ap ers have th e ir origins in the tw o early p ap ers on sp herical fu n ctio n s (1958a, T h e existence and p ro p e rtie s of th e w eak c o n sta n t te rm th a t allow him to prove th a t wave packets lie in ^( G ) are p ro v ed w ith the help of the differential eq u atio n s by v arian ts of th e m e th o d of v ariation of p a ram eters. T h e re is also a critical fo rm u la th a t yields the c o n sta n t term of a wave packet as an integral of th e weak c o n sta n t te rm of its elem ents. T h e p ro o f is su b tle and appears, in sim p ler form , already in reference 19586. T h e re one has a do u b le integral
to evaluate, th e (f> A b ein g e le m en ta ry sp herical fu n ctio n s. H a ris hreplaces h by hexptH, uses th e differential e q u a tio n s to show th a t th is does no t affect the value of the integ ral, and th en lets t a p p ro a c h infinity, rep lacin g (j)x by its a sy m p to tic ex p ansion.
A lth o u g h th e M aass-S elb erg relatio n s show th a t all m em b e rs of th e weak c o n sta n t te rm of an E isen ste in in teg ral have th e sam e w eig h t on th e u n ita ry axis, in th e d o m ain w here th e real p a rt of the p a ra m e te r lies in the positive c h a m b e r one m e m b e r d o m in a te s because of its ex p o n en t, and can be evalu ated to yield a relatio n b etw een the c-fu n c tio n and the in te rtw in in g o p e ra to rs. F o r sp herical fu n ctio n s th e a rg u m e n t ap p ears in referen ce 19586, and ju s t as for sp herical fu n ctio n s, th e B h a n u -M u rty -G in d ik in -K a rp e le v ic h tec h n iq u e th en red u ces th e calculation o f the P lan ch erel m easu re to th e case of m axim al cu sp id al parab o lic su b g ro u p s.
T h e p ro o f of the P lan ch erel fo rm u la (19766) uses th e lim it fo rm u la (1957c) b u t p e rh a p s n o t in th e way su ggested by p a p e r 1970c. U sin g a m easu re p(w, v) defined in term s of the c -fu n c tio n , or the in te rtw in in g o p e ra to rs, he b u ild s w ave packets. T h e n , u sin g the lim it fo rm u la, the explicit fo rm u la for th e c h a ra c te rs of the d iscrete series on the elliptic elem en ts, and th e ex p ressio n s for th e c o n sta n t term s of the wave packets in term s of the c-fu n ctio n , he is able to evaluate th e ir in n er p ro d u c ts w ith E isen stein integrals. A fter th a t th e P lan ch erel fo rm u la for iC -finite fu n ctio n s follow s fro m form al p rin c ip le s, p ro v id ed th a t one can co n tro l the g ro w th of p (w, v) for large values of th e p a ra m ete rs. F o r th is he uses an explicit expression for it th a t he can o b tain from the rela tiv e -ra n k one case by the p ro d u c t form ula. F o r rela tiv e -ra n k one th e a ltern ativ e a p p ro ach to the P lan ch erel fo rm u la (1970c), w hich exploits the lim it fo rm u la (1957c), is m anageable. So he applies it to evaluate a fu n ctio n w hich m u st be p.
Discrete and finite groups
In the 1950s a large n u m b e r of m ath e m a tic ia n s began to co n sid er the n o tio n of an a u to m o rp h ic form for d iscrete su b g ro u p s of a rb itra ry sem isim ple g ro u p s. T h e do m ain a ttra c te d H a ris h -C h a n d ra and he m ade tw o c o n trib u tio n s. T h e analytic th eo ry of a u to m o rp h ic form s cannot begin un til one know s th a t the space of a u to m o rp h ic form s defined by a given d iscrete g ro u p , a given rep re sen ta tio n of a m axim al com pact su b g ro u p , and a given ideal in the cen tre of the universal enveloping alg eb ra, is finite-d im en sio n al. T h e first general th eo re m of this type is pro v ed in reference 1959 a .The a rg u m e n t, based on G o d e m e n t, anticip ates in m any respects th a t of the definitive results o b tain ed a few years later, w hose p ro o f uses th e general red u c tio n theory of the p a p e r (1962) w ritte n in co llaboration w ith Borel. T h is red u ctio n theory, w hich issued from the classical red u c tio n theo ry and su b su m es it, has been in co rp o rate d into the very fo u n d atio n s of the theo ry of a u to m o rp h ic fo rm s. It yields, in p a rtic u la r, th e finiteness of the volum e of th e fu n d a m e n ta l d o m ain for an a rb itra ry a rith m e tic a l su b g ro u p of a se m isim p le g ro u p and th e c rite rio n , c o n je c tu re d by G o d e m e n t, for its c o m p a c tn e ss. H e also in tro d u c e d th e n o tio n (19706) of a cu sp form into th e re p re s e n ta tio n th e o ry o f g ro u p s over finite fields. T h e s u b se q u e n t th eo ry has b een e re c te d u p o n th e fra m ew o rk it p ro v id es.
Groups over p-adic fields
T h e re p re s e n ta tio n th e o ry of red u c tiv e g ro u p s over n o n -a rc h im e d e a n fields w as a p re o c c u p a tio n of H a ris h -C h a n d ra fro m th e late 1960s. H is goal w as to ca rry th e h a rm o n ic analysis of g ro u p s over 1 R to g ro u p s over padic fields. T h e n o tes (1970^) are his first c o n trib u tio n to th e su b ject, and he p lu n g es in w ith th e p ro o f th a t an irre d u c ib le s q u a re -in te g ra b le re p re s e n ta tio n is ad m issib le and th ere fo re possesses a c h aracter. It was p e rh a p s th e discovery o f th is p ro o f th a t con v in ced h im th a t a th eo ry for padic g ro u p s parallel to th e real th eo ry co u ld be developed. O d d ly enough, in H a r is h -C h a n d r a 's th eo ry , th e general p ro o f th a t an irre d u cib le u n ita ry re p re se n ta tio n is ad m issib le w as to com e only at th e end and only in c h a ra c te ristic 0, a lth o u g h in the m ea n tim e J. B ern stein h ad , by o th e r m eans, p ro v ed it in general.
T w o resu lts fro m referen ce 1970 dw h ich was in pro v isio n al, w o u ld be in c o rp o ra te d in reference 1978, w hose cen tral resu lt is th a t th e c h a ra c te r of an irre d u cib le ad m issible rep re sen ta tio n is given by a locally su m m a b le fu n ctio n . F o r real g ro u p s the asy m p to tic b e h a v io u r of th e o rb ital in teg rals n e a r the sin g u lar p o in ts is analysed w ith the help of differential e q u a tio n s. F o r adic g ro u p s the asy m p to tic b e h a v io u r is d escrib ed by few er elem ents, th e S halika germ s, b u t they are m o re difficult to get a h an d le on. In a long c h a p te r (197CW) F la rish -C h a n d ra succeeded in e stab lish in g , w ith the help of the Jaco b so n -M o rosov lem m a, im p o rta n t ho m o g en eity p ro p ertie s of these germ s, w h ich yielded estim ates fro m w hich he could establish the local su m m a b ility of a fu n ctio n m ajo rizin g characters. T h e tec h n iq u e for estim a tin g su p e rc u sp id a l c h aracters by ex p ressin g th em as orbital in tegrals of m atrix coefficients th a t has its origins in reference 19566 is developed in reference 19706 and appears in reference 1978 for the in v arian t d istrib u tio n s defined by cusp form s on the Lie algebra.
As for real g ro u p s the tactic (1978) is to w ork first on the Lie algebra and th en to pass to the gro u p . F o r pa dic L ie algebr n o tio n of in v arian t e ig e n d istrib u tio n , b u t th ere is a su b stitu te , the F o u rie r tra n sfo rm s T of in v arian t d istrib u tio n s T su p p o rte d on orbits.
Since the F o u rie r tra n sfo rm s of fu n ctio n s su p p o rte d on a sm all com pact set are u n ifo rm ly locally c o n sta n t one m ay for the local th eo ry even allow the d istrib u tio n T to have s u p p o rt in a th ick en in g of the o rb its. T h is is m ad e precise by a finiteness th e o re m o f H ow e, w h ich th e n beco m es th e key to th e th e o ry on th e L ie algebra. T h e passage fro m th e alg eb ra to the g ro u p re q u ire s th e in tro d u c tio n of a class o f in v a ria n t d istrib u tio n s th a t is large en o u g h to in clu d e th e c h a ra c te rs of irre d u c ib le a d m issib le re p re s e n ta tio n s, and to p e rm it localization and re d u c tio n to th e c e n tralize rs of sem isim p le elem en ts. O nce again th e key n o tio n , th a t of (G , i n a d m issib ility , is e x tra c te d fro m resu lts of H ow e.
T h e n o tio n a p p e ars already in his p a p e r of 1973, w h ich like referen ce 1977 bis a su m m a ry of resu lts. T h e c o m p le te th e o ry was e x p o u n d e d by A. S ilb e rg e r in his Introduction to harmonic analysis on reductive p-adic groups. F o r fu n ctio n s, like m a trix coefficients, th a t are iC -finite on b o th sides, th e H ecke algebra p ro v id e s an a d e q u ate s u b s titu te for th e d if feren tial o p e ra to rs. H o w ev er, H a ris h -C h a n d ra (19706) was u n a b le to u tilize th e c o n d itio n of H eck e-fin iten ess as he h ad u sed th e d ifferential e q u a tio n s to stu d y th e asy m p to tic b e h a v io u r o f fu n ctio n s in th e space 9l(G , t). T h e lock was tu rn e d by J a c q u e t w ith his in tro d u c tio n o f the m o d u le now n a m e d a fter h im and th e p a th o p e n e d to th e d e v e lo p m en t (1973) of th e e lem en ts o f h a rm o n ic analysis: asy m p to tic ex p an sio n s, th e S c h w a rtz space, w ave packets an d th e P la n ch e rel m easu re. I t rem a in e d to prove th a t th e w ave packets ex h a u st th e S ch w artz space. F o r a se m i sim ple g ro u p th is a m o u n ts to tw o closely related th eo re m s: th e triv ial re p re se n ta tio n of a given op en c o m p act su b g ro u p K is co n ta in ed in only finitely m an y d isc re te series re p re se n ta tio n s, and a TC-finite cu sp form w h ich satisfies th e weak in eq u a lity is H eck e-fin ite. T h e s e are p ro v ed in reference 19776, or ra th e r d e d u c ed as co n seq u en ces of a n o th e r sta te m e n t w hose p ro o f is n o t given. H a ris h -C h a n d ra has sta te d th a t it was in sp ire d by A r th u r 's in teg ral fo rm u la for th e c h a ra c te r of a sq u a re -in te g ra b le re p re se n ta tio n of a real g ro u p .
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